We investigate the "twist" mode ͑rotation of the upper against the lower hemisphere͒ of a dilute atomic Fermi gas in a spherical trap. The normal and superfluid phases are considered. The linear response to this external perturbation is calculated within the microscopic Hartree-Fock-Bogoliubov approach. In the normal phase the excitation spectrum is concentrated in a rather narrow peak very close to the trapping frequency. In the superfluid phase the strength starts to be damped and fragmented and the collectivity of the mode is progressively lost when the temperature decreases. In the weak-pairing regime some reminiscence of the collective motion still exists, whereas in the strong-pairing regime the twist mode is completely washed out. The disappearance of the twist mode in the strong-pairing regime with decreasing temperature is interpreted in the framework of the two-fluid model.
I. INTRODUCTION
The experimental and theoretical development of BoseEinstein condensation of trapped bosonic atoms ͓1͔ has also triggered the investigation of trapped atomic Fermi gases at very low temperature ͓2͔. One of the main goals in the research of these Fermi systems is to detect the transition from the normal to the superfluid phase, associated with the appearance of a macroscopic order parameter of strongly correlated Cooper pairs below a certain critical temperature T c . In order to have an attractive s-wave interaction which can provide the pairing correlations, the atoms must be trapped and cooled in two different hyperfine states as has been achieved in several recent experiments ͑see, e.g., Ref.
͓3͔͒.
From the theoretical side, the pairing problem of trapped fermions has been studied from different points of view ͓4-6͔.
Besides the ground-state properties, there is also interest in knowing the spectrum of collective excitations. As we stated above, ultracold atomic Fermi gases are assumed to become superfluid below T c , and it is therefore important to study low-energy collective modes also in the superfluid phase ͓7,8͔. Having different properties in the normal and superfluid phases, these excitations can serve as experimental signals for superfluidity. For instance, the frequencies of breathing modes of trapped atomic Fermi gases measured in recent experiments ͓9͔ give strong indications that the superfluid phase has been reached.
It is interesting to compare the situation of trapped fermionic atoms to that of atomic nuclei, which can also show a superfluid behavior. Contrary to the nuclear case, the fact that the interaction in atomic gases is tunable experimentally allows one to study the collective modes in different regimes. For dilute systems, the atom-atom interaction can be parametrized by a zero-range force proportional to the s-wave scattering length between atoms in two hyperfine states ͓6,8͔. By changing the applied magnetic field around a Feshbach resonance ͓10͔, the s-wave scattering length can be modified. In one limiting regime, that of weak pairing, which is similar to the situation in atomic nuclei, the pairing results only in a small perturbation to the response of the system to the external probe. In the other limit of strong pairing the response is dominated by the effects of superfluidity.
Many of the collective excitations show features proper to Landau's zero-sound modes in bulk Fermi liquids ͓11͔ which for finite Fermi systems translate into modes analogous to those of an elastic body ͓12͔. Since the trapped atomic Fermi gases contain a very large number of atoms, the singleparticle orbital angular momenta near the Fermi surface can also become very large. Consequently, important orbital effects such as excitations having angular momentum and parity J P =1 + and 2 − will exist, which correspond to magnetic resonances of M1 or M2 type, respectively, in atomic nuclei. The 2 − excitation is the so-called twist mode, in analogy to the quadrupole torsional vibration of an elastic sphere ͓12,13͔. From a macroscopic point of view, the twist consists of a coherent counterrotation of the particles in the upper hemisphere against those in the lower hemisphere. For small amplitudes, it corresponds to a purely kinetic excitation without spatial distortion of the equilibrium shape.
The twist mode has been studied in different Fermi systems. In nuclei, this mode has been analyzed from a semiclassical point of view within a fluid-dynamical description ͓13͔. From a quantum-mechanical point of view, this mode has been studied so far only for magic nuclei ͑i.e., without pairing͒ such as 90 Zr and 208 Pb ͓14,15͔. More recently, some experimental effort has been made to detect this mode by backward inelastic electron scattering ͓16͔. A direct evidence for the existence of the orbital twist mode ͑to be distinguished from the 2 − spin-flip mode͒ in nuclei has been achieved by comparing electron and proton scattering cross sections of 58 Ni ͓17͔. The twist mode has also been theoretically studied in metallic clusters ͓18͔ although it has not yet been detected.
So far, the theoretical study of the twist mode in trapped atomic Fermi gases has been done in the hydrodynamical description and in the normal phase only ͓19͔. In the case of an s-wave interaction, a moderate shift of the twist frequency of about 10% with respect to the noninteracting case was found, which is consistent with the fact that for a transverse zero sound the s-wave interaction does not contribute to the restoring force ͓14,20͔.
In the present article, our aim is different. We will analyze the effect of pairing correlations on the twist mode. This effect has not been considered in any of the theoretical studies mentioned above, either for atomic nucleior for metallic clusters or trapped Fermi gases. Of particular interest can be the study of the strong-pairing regime, because it is known that in this case the low-energy collective modes are strongly affected by the pairing and can become signatures that the superfluid phase is reached ͓7,8͔.
The paper is organized as follows. In Sec. II, we sketch the derivation of the twist response function in the superfluid phase, using a Hartree-Fock-Bogoliubov or Bogoliubov-de Gennes framework ͓21,22͔. In Sec. III, we consider the twist mode in the normal phase within a quantum-mechanical description. Section IV is devoted to the study of the twist mode in the superfluid phase in the cases of weak-and strong-pairing correlations. Finally, our conclusions are given in the last section.
II. QUASIPARTICLE RESPONSE FUNCTION
In this article we will consider an atomic Fermi gas ͑atomic mass m͒, trapped in a spherical harmonic trap with frequency ⍀. We assume that the atoms equally occupy two hyperfine states, denoted by = ± 1. Because of the low density of the gas, the interaction between the atoms can be regarded as pointlike and its strength can be parametrized by the s-wave atom-atom scattering length a. In order to simplify the notation, we will express all quantities in harmonic oscillator ͑HO͒ units, i.e., frequencies in units of ⍀, energies in units of ប⍀, temperatures in units of ប⍀ / k B , and lengths in units of the oscillator length l HO = ͱប/͑m⍀͒. Furthermore, instead of the scattering length we will use the coupling constant g =4a / l HO as the parameter of the interaction strength.
The twist is a motion where the upper and lower hemispheres rotate in the opposite sense back and forth around the z axis with an angle proportional to z. This mode can be excited in both spherical and deformed ͑with a rotation axis͒ systems. Such a motion can be generated by the operator zL z , where L z =−i͑x١ y − y١ x ͒ denotes the z component of the angular momentum operator. Restricting our description to small amplitudes, we can use linear response theory in order to treat the oscillations around equilibrium. Then the main problem consists in calculating the equilibrium state. In order to describe the system in the superfluid phase, this is done within the framework of a Hartree-Fock-Bogoliubov ͑HFB͒ or Bogoliubov-de Gennes ͓21,22͔ calculation similar to that presented in Ref. ͓6͔, but with the modified regularization scheme for the gap equation described in Refs. ͓23,24͔. We refer to Ref. ͓24͔ for more details about our approach. The calculation provides the wave functions u ␣ ͑r͒ and v ␣ ͑r͒ satisfying the HFB equations,
Here H 0 denotes the Hamiltonian of the noninteracting HO minus the chemical potential, H 0 = ͑−١ 2 + r 2 ͒ /2−, while the interaction is accounted for in a self-consistent way through the Hartree potential W͑r͒ and the pairing field ⌬͑r͒. Now let us consider the retarded correlation function
where ͗͗·͘͘ means the thermal average. In our case, Q is the twist operator
The field operator can be expressed in terms of quasiparticle creation and annihilation operators b † and b as follows:
͑4͒
Separating the radial and angular dependence of the wave functions, u nlm ͑r͒ = u nl ͑r͒Y lm ͑ , ͒ and v nlm ͑r͒ = v nl ͑r͒Y lm ͑ , ͒, one obtains after a straightforward but tedious calculation the following result:
͑5͒
In deriving this formula, we have used the anticommutation relations between the operators b and b 
· ͑6͒
Therefore the numerical task of calculating ⌸ 0 reduces essentially to calculating the radial integrals and the triple sum over n, nЈ, and l. In general it is not sufficient to calculate the free quasiparticle response ⌸ 0 . Rather one has to calculate the quasiparticle random-phase approximation ͑QRPA͒ response, which accounts for correlations with the quantum numbers corresponding to the excitation under consideration in the ground state. However, because of the particular form of the interaction used here, it is clear that there cannot be any ground-state correlations with the quantum numbers of the twist mode ͑J P =2 − ͒. Therefore the QRPA response function ⌸ is just equal to the free quasiparticle response function ⌸ 0 ͓18͔. In this sense the situation for trapped atoms is different from that in nuclei, where the spin-orbit part of the interaction leads to a ͑small͒ change of the twist response function ͓14͔, e.g., through the coupling between the twist mode and the spin-flip mode, which is excited by the operator ͑r ͒ 20 . In the remaining part of this article we will show numerical results for the strength function S͑͒ =−Im ⌸͑͒ / which we calculate from Eq. ͑5͒ with a finite width for each peak.
III. NORMAL PHASE
Let us first look at the normal phase of the system at zero temperature, i.e., we artificially put ⌬ = 0 in Eq. ͑1͒. For this situation, there exist microscopic descriptions of the twist mode in nuclei ͓14,15͔ and in metal clusters ͓18͔. However, for the twist mode in trapped atomic gases there exists only a calculation ͓19͔ following the fluid-dynamical approach developed by Holzwarth and Eckart for the nuclear case ͓13͔. This fluid-dynamical approach allows one to predict the twist frequency, but it cannot answer the question if the twist mode as a collective motion exists at all ͓13͔.
In the case of a noninteracting HO, it is straightforward to show that the operator zL z excites only transitions with =1 ͑in units of ប⍀͒. Therefore, in the noninteracting HO, the total strength is concentrated at = 1. If now the Hartree potential W is switched on, two effects are to be expected. ͑a͒ The energy difference between neighboring shells becomes larger ͑smaller͒ in the case of an attractive ͑repulsive͒ interaction. Therefore, the twist frequency will be shifted upward ͑downward͒. This effect has been described quantitatively within the fluid-dynamical approach ͓19͔.
͑b͒ The degeneracy of states with different l is lifted, and we therefore expect a fragmentation of the strength of the twist mode into many particle-hole states corresponding to transitions n, l → n, l + 1 and n, l → n +1, l −1 ͓remember that for given quantum numbers n and l, the number of HO quanta is 2͑n −1͒ + l͔.
Both effects can be observed in Fig. 1 , where we display the strength function S͑͒ of the twist mode as a function of the excitation energy for two systems of 6 Li with different numbers of atoms ͑scattering length a = −2160a 0 ͓25͔, where a 0 is the Bohr radius͒ in a trap with a frequency of ⍀ =2 ϫ 144 Hz, corresponding to a coupling constant g = −0.4 in HO units. In order to show the fragmentation of the mode, we display the response function in a small energy interval ͑containing 100% of the total strength͒ with a very high resolution ͑ =10 −4 ͒. Let us first look at the result corresponding to 10 5 particles in the trap ͑5 ϫ 10 4 particles per spin state, chemical potential = 62.6͒. One can clearly see that the average frequency is higher than 1 and that the strength is fragmented into two series of peaks, corresponding to the two series of transitions mentioned above under ͑b͒. With 2 ϫ 10 5 particles ͑10 5 particles per spin state, = 78.0͒, the Hartree field is stronger and therefore both effects, fragmentation and shift of the average frequency, are enhanced.
The difference shown by the strength at low frequencies of the systems containing 10 5 and 2 ϫ 10 5 particles is related to the different single-particle spectra of these two systems. In the case of 10 5 particles, the Hartree field W breaks the accidental degeneracy of the noninteracting HO singleparticle levels, but the different HO major shells are still separated. However, when the number of particles in the trap grows, the Hartree field becomes strong enough to mix different HO major shells. This leads more or less accidentally to the fact that in the case of 2 ϫ 10 5 particles the transition energies of the series n , l → n +1,l − 1 with 2͑n −1͒ + l =82 ͑the major shell number 82 is the last one lying completely below the Fermi level͒ are almost degenerate at Ϸ 1.05.
FIG. 1. Strength function S͑͒ ͑ϫ10
9 ; in HO units͒ for the twist mode in a gas of 10 5 ͑solid line͒ and 2 ϫ 10 5 ͑dashed line͒ trapped 6 Li atoms at zero temperature without pairing ͑⌬ =0͒ as a function of the frequency ͑in units of the trapping frequency ⍀͒.
In order to compare our results quantitatively with the predictions obtained within the fluid-dynamical approach, we define an average frequency according to
͑7͒
For both cases considered here, this average frequency is in perfect agreement with the frequency fd predicted in Ref.
͓19͔ in the framework of the fluid-dynamical approach: for N =10 5 atoms, av = 1.088 and fd = 1.087, and for N =2 ϫ 10 5 atoms, av = 1.100 and fd = 1.101. It should also be emphasized that the width of the interval over which the strength is distributed is very narrow compared with the average frequency of the twist mode. It is therefore justified to speak about a collective excitation.
IV. SUPERFLUID PHASE
Let us now consider the superfluid case. It is interesting to analyze how the properties of the twist mode are modified when pairing correlations are taken into account in the calculations and the full HFB equations are solved. We will show that the structure of the strength function and the collectivity of the twist mode are strongly affected by pairing correlations and we will study this dependence at different temperatures for two systems with different numbers of atoms.
We set the coupling constant g equal to −1 in HO units. For 6 Li atoms with a scattering length a = −2160a 0 this corresponds to a trapping frequency of =2 ϫ 817 Hz. ͑We chose a stronger coupling than in the previous section in order to be able to study the case of strong pairing, which would be possible only for extremely large numbers of particles if g = −0.4.͒ We shall consider two cases for the trapped gas: ͑a͒ a small system with around 1800 atoms ͑weak-pairing regime, ⌬Ͻប⍀͒; ͑b͒ a big system with around 3.6 ϫ 10 4 atoms ͑strong-pairing regime, ⌬Ͼប⍀͒. For both cases we will take into account different temperatures and analyze how the twist mode evolves when the critical temperature T c of the phase transition is approached and crossed.
Before passing to consider the two cases we would like to mention that in atomic nuclei, which are the only systems for which the twist mode has been observed so far, one is always in the weak-pairing regime, the relation ⌬Ͻប⍀ being always satisfied.
͑a͒ Weak-pairing regime. The chemical potential in this case is chosen equal to 16. We show in Fig. 2 the strength function for three values of the temperature: T =0 ͑top͒, 0.13 ͑middle͒, and 0.15 ͑bottom͒. The three cases correspond to values of the pairing field in the center of the trap of ⌬͑r =0͒ = 0.67, 0.26, and 0, respectively ͑in HO units͒. In the last case ͑bottom of the figure͒ the gas is in the normal phase: we observe that in the normal phase the strength function is concentrated at about = 1.12 ͑this is slightly higher than in Fig. 1 because of the stronger coupling, which leads to a stronger Hartree field͒. If we lower the temperature, the superfluid transition takes place; the effect on the strength function is to push its structure toward higher values of the energy. Qualitatively this can be understood by replacing the single-particle energies ⑀ nl by the quasiparticle energies E nl Ϸ ͱ͑⑀ nl − ͒ 2 + ⌬ 2 , where ⌬ denotes the average matrix element of the pairing field at the Fermi surface. Neglecting the effect of the Hartree field for the moment, one obtains in this way a shift of the twist frequency from 1 to a higher value which lies between ͱ 1+4⌬ 2 and ⌬ + ͱ 1+⌬ 2 . To see this, let us consider two limiting cases. If the chemical potential lies exactly on a single-particle level ͑half-filled shell͒, = N F +3/2, a transition of the type N F → N F + 1, for example, corresponds to the creation of two quasiparticles with energies E N F = ⌬ and E N F +1 = ͱ 1+⌬ 2 . In the other limiting case, the chemical potential lies between two single-particle levels ͑closed shell͒, = N F + 2, and the twist mode corresponds to the excitation of two quasiparticles having each the energy
Moreover, as one can also observe in Fig. 2 , the excitation mode becomes less collective and, due to pairing, more and more damped and fragmented if one goes from T = 0.13 to 0. In the latter case pairing correlations are more intense and the loss of collectivity and the Landau damping are consequently more important. A similar Landau damping effect due to superfluidity has been found in Ref. ͓8͔ for the spindipole mode in the weak-pairing regime.
Another interesting effect to notice is the strength below = 1 which appears below T c but disappears at T = 0. Obviously this effect is due to the second term in Eq. ͑5͒, which is equal to zero at T =0.
͑b͒ Strong pairing regime. Let us consider now the case with about 3.6ϫ 10 4 atoms ͑ =40͒. We present in Fig. 3 the strength function at four temperatures: T = 0, 2, 5, and 6.5 ͑from top to bottom͒. In the four cases the central values of the pairing field are ⌬͑r =0͒ = 12.7, 12.5, 9.6, and 0, respectively. In the latter case ͑normal phase͒ we observe a unique peak centered at about = 1.2. Again, the energy is higher with respect to Fig. 1 and with respect to the case ͑a͒ ͑Fig. 2͒ due to the stronger coupling. A fragmented structure with a very low strength exists in the energy region from = 2 up to 4. When we lower the temperature, we cross the superfluid transition ͑see upper panel of Fig. 4͒ . At T = 5 the system is
FIG. 2. Strength function S͑͒ ͑ϫ10
5 ; in HO units͒ for the twist mode in a system with about 1800 atoms of 6 Li at T =0 ͑top͒, 0.13 ͑middle͒, and 0.15 ͑bottom͒; and T in units of ⍀ and ប⍀ / k B , respectively.
superfluid: we observe that the main peak still exists, even if the excitation mode is less collective than in the normal phase case. Also, the fragmented structure toward =2-3 gets more strength than in the previous case. The fragmentation becomes much stronger and extends up to = 10 when the temperature is lowered further, as can be seen in the case T = 2. However, the peak at about = 1.2 is still visible. Finally, if we look at the T = 0 case, where the pairing correlations are the strongest, we observe that the main collective peak completely disappears, while a very fragmented structure with a low strength remains in the energy region between = 2 and 10. We can thus conclude that at T = 0 the collective twist mode does not exist any more. The same conclusion has been drawn in Ref. ͓8͔ for the spin-dipole mode in the strong pairing regime.
Actually, once the irrotational flow limit ͑strong pairing͒ is reached ͓26,27͔, the superfluid current has an irrotational velocity field, and the only possible excitations of the superfluid are density-fluctuation modes. In the language of a twofluid model, all the other excitations of the gas, such as the twist and the spin-dipole modes, have to be related to its normal component, as was discussed in Refs. ͓28,29͔. When one decreases the temperature below T c , the number of "normal" quasiparticles is reduced and therefore the strength of the twist mode becomes smaller. On the other side, the energy spectrum of the normal quasiparticles is modified, leading to a destruction of coherence between quasiparticles moving in the same direction ͓28͔. It follows that the mode is more and more damped when one approaches T = 0. Obviously, this effect will strongly depend on the strength of pairing correlations, and this is why it is more important in the strong-pairing regime.
Let us now discuss the relationship between the strength of the twist response function and the normal-fluid component of the system in a more quantitative way. To that end we consider the inverse-energy weighted sum rule, which is proportional to the real part of the response function at =0:
Within the two-fluid model it can be shown explicitly ͑see the Appendix͒ that this quantity is related to the density of the normal-fluid component of the system, n , by
In Fig. 4 ͑bottom͒ we show numerical results for the dependence of the sum rule on temperature. The solid line represents the full HFB calculation, while the dashed line corresponds to Eq. ͑9͒. The agreement is very satisfactory except at extremely low temperature, where quantum finite-size effects ͑corrections in ប / ⌬, see Ref.
͓27͔͒ lead to a nonvanishing value of the sum rule, whereas the two-fluid model predicts that the sum rule should go to zero at zero temperature because of the vanishing normal-fluid component. However, the overall good agreement confirms our interpretation that only the normal-fluid part of the system participates in the twist motion. In order to recognize more easily the regions where the gas is superfluid and normal, and to observe how pairing correlations decrease by increasing the temperature, we also plot in Fig. 4 ͑top͒ the value of the gap at the center of the trap, ⌬͑0͒. Note that the temperature dependence of ⌸͑0͒ differs considerably from that of ⌬͑0͒.
To conclude this section, we remark that our approach is only valid in the regime where collisions between atoms can be neglected. Following Ref. ͓7͔, this means that the mean time between collisions, = a 2 v F ͑T / ⑀ F ͒ 2 ͑where , v F , and ⑀ F are the density, Fermi velocity, and Fermi energy, respectively͒, must be much larger than the oscillation period in the trapping potential, 2 / ⍀. Expressed in HO units, we obtain ⍀ / ͑2͒ =6 3 / ͑gT͒ 2 . In the case of T = 6.5 this ratio gives still 4.4, i.e., an atom performs more than four oscillations before it collides with another one. Consequently, all cases we considered are well in the collisionless regime.
V. SUMMARY AND OUTLOOK
In this article we have studied the twist mode of an atomic Fermi gas trapped by a spherical harmonic potential in the −6 in HO units͒, which is equal to twice the inverse-energy weighted sum rule, for a gas with 3.6ϫ 10 4 atoms. In the lower figure, we show for comparison the result of the HFB calculation ͑solid line͒ together with the result obtained within the two-fluid model, Eq. ͑9͒ ͑dashed line͒.
normal and in the superfluid phase. The ground state has been obtained by solving the Bogoliubov-de Gennes equations, using the regularization procedure introduced in Refs. ͓23,24͔. The excitations have been treated within the linear response theory. As the zero-range interaction does not couple to the twist operator, we analyzed this excitation by calculating the free quasiparticle response function.
We have analyzed the twist mode without pairing correlations by setting ⌬ = 0 in the Bogoliubov-de Gennes equations. We observed that the strength function is concentrated around an energy higher than = 1. This shift ͑with respect to the case of a noninteracting HO͒ is due to the Hartree potential and depends on the sign of the coupling constant g. We have also observed a fragmentation of the strength which describes the transitions n , l → n , l + 1 and n , l → n +1,l −1.
In the case of pairing correlations we have shown that the excitation mode starts losing its collectivity below the critical temperature T c . When the temperature is lowered from T c toward T = 0, the strength function becomes more and more damped and fragmented. In the weak-pairing regime ͑⌬ Ͻប⍀͒ this effect is less pronounced than in the strongpairing regime ͑⌬Ͼប⍀͒. In the weak-pairing case the collective twist mode still exists at zero temperature. With increasing strength of the pairing correlations, the collective peak is shifted to higher energies, and at the same time it becomes more and more broad and fragmented and its strength decreases. Finally, in the strong-pairing limit it completely disappears at T = 0. In fact, it can be predicted that the twist mode ceases to exist once the pairing is strong enough for the system to reach its irrotational flow limit ͓26,27͔.
It should be pointed out that, in the normal phase, the twist mode can only exist in the collisionless regime, since the restoring force for this collective oscillation comes entirely from the Fermi surface deformation ͓13͔. This means that detecting the twist mode in the normal phase would be a signal that the system is in the collisionless regime. This might be of importance since the evidence for the superfluidity obtained in recent experiments ͓9͔ relies on the assumption that the system is in the collisionless regime. The subsequent disappearance of the twist mode at lower temperatures would be a clear signal that the superfluid phase has been reached. Concerning the possibility to excite the twist mode experimentally we refer to Ref.
͓19͔.
Recently, the twist mode has been measured in open-shell finite nuclei such as 58 Ni ͓17͔. In the existing theoretical studies of the twist mode in nuclei pairing correlations have not been taken into account, i.e., these studies are essentially restricted to closed-shell ͑magic͒ nuclei. Although nuclei are in the weak-pairing regime, we think that a theoretical study of the twist mode in nuclei taking into account pairing correlations could be very interesting. Work in this direction is in progress. 
APPENDIX: RELATION BETWEEN THE SUM RULE AND THE NORMAL COMPONENT
In this appendix we will briefly show how a relationship between ⌸͑0͒ and the normal-fluid component of a system with strong pairing ͑⌬ӷ1 in HO units͒ can be established. A detailed discussion of some of the topics mentioned here can be found in Ref. ͓27͔ .
As mentioned in Sec. IV, the inverse-energy weighted sum rule is proportional to the response ⌸͑0͒ of the system to a static perturbation with a perturbation Hamiltonian H 1 ϰ zL z . By taking the ប → 0 limit of the time-dependent HFB equations, one can derive equations similar to the Vlasov equation for the superfluid phase ͑in our case, of course, the time dependence does not play any role͒. 
͑A3͒
Assuming spherical symmetry and a strongly peaked Fermi surface ͑i.e., ⌬, T Ӷ ͒ it is straightforward to derive Eq. ͑9͒, where
is the density of the normal-fluid component within the twofluid model. Note that the temperature dependence of Eq. ͑9͒ is different from that of the number of normal particles, since in Eq. ͑9͒ the r 6 factor weights very strongly the surface of the system, where ⌬͑r͒ is smaller and where consequently the normal-fluid fraction n / is higher than in the center of the trap.
